Rabbits were immunized with four strains of halobacteria, Halobacterium halobiwn NRL, H. halobium R-1, H. salinariwn NRL-9, and H. cutirubrum NRL-10, that had been fixed with formaldehyde. The antisera obtained detected the presence of an antigen common to the Halobacterium genus and, after absorption, detected three distinct antigenic groups within the Halobacterium genus. A fourth group was agglutinated only by unabsorbed sera.
Although immunological techniques have long been useful in determining relationships among bacteria within a genus, there is no indication that an immunological analysis has ever been attempted for the halobacteria. The complete de- pendence of these organisms on high concentrations of NaCi for their morphological and physiological integrity, and their lysis in solutions of 0.85% NaCl, has made them difficult to study. Our experiments show the feasibility of using immunological techniques to study the classification of the Halobacteriwn genus.
MATERIALS AND METHODS Cultures. The bacterial strains used for immunizing rabbits were H. salinarium NRL-9, H. cutirubrum NRL-10, and H. halobium NRL, all kindly provided by N. E. Gibbons of the National Research Laboratories of Canada, and a mutant form of the latter, H. halobium R-1, which does not form vacuoles or have any intracytoplasmic membranes (4). These organisms, chosen primarily because of their extensive use by other investigators, were grown in the medium described by Brown (1) both types of tests were adjusted to an optical density of 2.00 at 350 nm; this was approximately equivalent to 2 mg of protein per ml. For the tube tests, 0.5 ml of antigen suspension was added to an equal volume of the antiserum dilution, incubated at room temperature for 60 min, and placed at 4 C overnight. Incubation at 37 C failed to produce agglutination.
Immunodiffusion plates were prepared by a modification of the Ouchterlony technique (2) with 1.2% agarose. Absorbed antisera were prepared by adding equal volumes (packed suspensions) of the crossreactive cells to the antisera, centrifuging the mixtures, and repeating this procedure until no visible agglutination occurred after 72 hr at 4 C. The absorbed sera were regarded as 1:2 dilutions of the original sera.
Grouping of organisms. Strains of halobacteria, other than those used for immunizing, and nonhalophilic microorganisms were tested by slide agglutination. The halobacteria, washed from slants with BS and fixed with formaldehyde, were washed and suspended in 0.85% NaCl. Nonhalophilic microorganisms were washed from slants and suspended in saline. A 0.1-ml amount of the cell suspension was added to 0.1 ml of antiserum contained in a slide well; the mixture was rotated by hand for 2 min and observed for agglutination.
RESULTS
The sera prepared against whole cells of a particular strain had the same specificity as sera prepared to envelopes; i.e., antisera to cells agglutinated both cells and envelopes, and antisera to envelopes agglutinated both envelopes and whole cells to the same titer. Sera from animals immunized with cells or envelopes of H. halobium NRL or with cells or envelopes of H. halobium R-1 were indistinguishable from one another (Table 1) . These sera agglutinated cells and envelopes of H. halobium NRL or R-1 to a dilution of 1:128 and cross-reacted with cells and envelopes of H. salinarium NRL-9 and H. cutirubrum NRL-10 to a dilution of 1:16. Antisera to H. salinarium NRL-9 agglutinated homologous cells or envelopes to a titer of 1:256 and cross-reacted with cells and envelopes of H. halobium NRL, H. halobium R-1, and H. cutirubrum NRL-10 to a dilution of 1: 32. Antisera to H. cutirubrum NRL-10 agglutinated homologous cells or envelopes at 1:32 and cross-reacted with cells and envelopes of H. halobium NRL, H. halobium R-1, and H. salinarium NRL-9 to a dilution of 1:4.
Antisera reactive with the homologous organism but not with any of the heterologous organisms were obtained by absorption of the crossreactive antibody with any of the heterologous organisms; e.g., when H. salinarium NRL-9 antiserum was absorbed with H. halobium NRL or R-1 cells, cross-reactivity to H. cutirubrum NRL-10 and H. halobium NRL or R-1 was lost. Absorption of H. halobium NRL or R-1 antisera with either of these organisms completely abolished the agglutination capacity toward cells or envelopes of both strains ( Table 1 ), indicating that both strains possess an envelope of identical antigenic structure.
The presence of a common "genus" antigen and the existence of three group-specific antigens were demonstrated by immunodiffusion, by the (Fig. 1) . The antigens common to Halobacterium appear in A, B, and C as lines of precipitate closely surrounding the center well; all of these lines show identity. In  Fig. 1A , the antigens common to H. halobium NRL or R-1 are seen as the outer lines of precipitate. The H. salinarium NRL-9-specific antigen is seen in Fig. IB ; that for H. cutirubrwn NRL-10 in Fig. 1C . The specificity of the absorbed sera was confirmed by immunodiffusion; only the outer band, against the homologous organism, was observed.
A collection of strains of halobacteria, classified by morphological and biochemical characteristics by various investigators, was tested for their agglutinability by the use of absorbed antisera. All strains were found to fall into one of four mutually exclusive groups: I, agglutinated by H. halobium NRL or R-1 antisera that had been absorbed with H. salinarium NRL-9 or H. cutirubrum NRL-10; II, agglutinated by H. salinarium NRL-9 antiserum absorbed with H. cutirubrum NRL-10 or H. halobium NRL or R-1; III, agglutinated by H. cutirubrum NRL-10 antiserum absorbed with H. halobium NRL or R-1 or with H. salinarium NRL-9; and IV, not agglutinated by any of the foregoing antisera ( Table 2 ). Agglutination of group IV organisms by each of the unabsorbed antisera revealed that they possessed the common genus antigen of the halobacteria.
No antigenic relationship was found between the halobacteria and representatives of the following species: Bacillus subtilis, Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi, Sarcina lutea, Shigella dysenteriae, and Staphylococcus aureus; i.e., unabsorbed antisera to the four halophilic organisms did not agglutinate any of these nonhalophilic bacteria.
DISCUSSION
The halobacteria appear closely related to one another, not only on the basis of their requirement for NaCl but also in their antigenic composition. The antisera produced in this study demonstrated the presence of an antigen common to the genus Halobacterium. Although the collection of nonhalophilic organisms was far from comprehensive, the data indicate that the halobacteria are antigenically distinct from other bacteria.
There appears to be a marked difference between the classification of the halobacteria based on their morphological and biochemical reactions and their relationships based on immunological reactivity. Organisms previously classified as other species were classified within the four mutually exclusive serological groups defined by this study. (1) H. salinarium NRL-9, (2) H. cutirubrwn NRL-1O, 
